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ABSTRACT 
In this study, differences between narrowband near infrared (NIR) and infrared (IR) 
brightness temperatures are related to cloud optical depth providing a theoretical ba-
sis for determining cirrus optical properties from combined satellite images. A simple 
monochromatic radiative transfer model is developed and utilized to simulate the up-
welling radiation field as a function of cloud optical depth for five hypothetical clouds 
characterized by different particle size distributions, volume densities and temperatures. 
For simplicity., irregular shaped ice crystals are approximated by equivalent spheres. The 
radiative properties for each model cloud are calculated at the appropriate wavelengths 
employing a Mie algorithm and the results compiled into tables. 
Two case studies are presented to demonstrate the potential of the spectral differ-
encing method. The first involves correlation of bispectral satellite imagery (from the 
NOAA-9 AVHRR) and ground-based lidar and radiometric (LIRAD) measurements. Val-
idation of the method is accomplished by collating lidar returns with aerological data in 
order to deduce the physical characteristics of the cirrus layer. In the second case, only 
bispectral data from the GOES-6 VAS radiometer and rawinsonde data are used. In each 
case, comparative analysis of satellite derived and simulated cloud brightness temperature 
differences (NIR-IR) as a function of cloud optical depth are used to select the model 
cloud which best represents the observed cloud. The radiative properties of the cloud are 
then assumed to be those listed in the tables for the selected model. Results from the 
latter study are used to produce a contour map of cirrus cloud optical depth to further 
illustrate the value of using the spectral differencing method for studying cirrus. 
This study represents a first step in the development of an objective technique for 
determining cirrus cloud optical properties. In light of the encouraging results presented 
in this paper~, recommendations are made to further validate and refine this technique 
through intercomparisons of in situ and remotely sensed measurements and the use of 
more radiative transfer models. 
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